Objectives. Takayasu arteritis is well known as a cause of stroke in Asia but has rarely been described in the Western world. Here we report the clinical and neuroimaging follow-up of a series of patients with Takayasu arteritis from Europe. Methods. Seventeen consecutive patients who fulfilled the diagnostic criteria for Takayasu arteritis of the American College of Rheumatology were evaluated on follow-up by standardized neurological examination, sonography and MRI. Results. At follow-up almost 20 yr after onset of symptoms, the subclavian artery and the common carotid artery were often affected. In addition, evidence of intracranial pathology was found in seven patients. In contrast to the severe vessel involvement, the neurological state was stable. Two patients had suffered from stroke before the diagnosis was made and therapy was initiated, and one patient had recurrent transient ischaemic attacks. Intermittent dizziness was associated with pathology of the vertebral and basilar arteries. However, clinical symptoms of subclavian steal syndrome were rare.
Patients and methods

Patients
Seventeen consecutive patients seen at the Department of Neurology, University of Heidelberg, a tertiary referral centre for cerebrovascular disorders, were followed up. Twelve patients were referred from rheumatological out-patient clinics, four patients were referred by their family doctor, and one patient was referred from the department of vascular surgery. Long-term care for all patients was provided by a rheumatologist. Informed consent was obtained from all subjects. In 15 cases, the diagnosis had been supported by panaorto-arteriography previously. In one patient, CT angiography provided unequivocal evidence for stenoses of both subclavian arteries. In two patients, CT or magnetic resonance (MR) angiography had provided unequivocal evidence for occlusion or stenosis of the subclavian arteries. A standardized neurological examination was performed.
Ultrasonographic studies
A complete conventional Doppler examination (Medasonics CDS; Medilab, Germany; 4 MHz Continuous Wave (CW) probe, 2 MHz Pulsed Wave (PW) probe), and an extracranial duplex examination (HP 4500 or HP 5500; 7-11 MHz linear scanner) was performed in all patients following a standardized protocol.
Nine patients were also examined by transcranial duplex sonography (2-4 MHz sector scanner).
All extracranial brain-supplying vessels and the subclavian arteries were examined to get information about stenoses and occlusions. In the duplex sonography, the thickness of the intima media layer of the common carotid artery and the perivascular tissue was of special interest [6, 7] . Transcranial sonography was performed to examine collateral pathways and possible additional pathologies. An intracranial stenosis was diagnosed if an increased flow velocity could not be explained by a collateral pathway or systemic conditions such as anaemia. Because of the complex vessel status in TA patients with multifocal pathology, we did not use any fixed definition for intracranial stenoses. The diagnosis of an intracranial stenosis was based on the judgement of an experienced neurosonologist (P.A.R., C.L., R.W.).
MR studies
Patients were imaged with a 1.5-tesla scanner with high gradient performance (Siemens Symphony Õ , Erlangen, Germany). 
Results
All 17 patients fulfilled the diagnostic criteria for TA of the American College of Rheumatology (Table 1) [5] . As in other populations [4] , most patients were female (Table 1) . Notably, the diagnosis was delayed by 9 yr on average. Patients came to the follow-up investigation 20 yr on average after first onset of symptoms. At this time 14 patients were still on low doses of prednisolone, while all patients had received steroids at an earlier stage of the disease. Other vascular risk factors are listed in Table 1 .
At follow-up investigation by sonography and MR angiography, there was still prominent vascular changes of the subclavian and common carotid arteries in most patients (Table 2) . Several vessels showed a characteristic concentric thickening of the wall on duplex sonography [8, 9] . The internal carotid artery, the vertebral artery and the intracranial vessels were less often affected (P ¼ 0.001, ANOVA, Bonferroni post hoc test). Still, 7 out of 17 patients had definitely abnormal blood flow in intracranial vessels on sonographic or MR investigation that could not be attributed to extracranial stenoses (patients 3, 6, 8-10, 15 and 16 in Table 2 ). In the ten patients in whom both sonography and intracranial MR angiography was available, the latter technique verified three intracranial stenoses in three out of 10 cases. However, sonography indicated more frequent intracranial affection than MR angiography. According to sonography, five out of 10 patients had 10 intracranial stenoses.
In six patients, sonography provided evidence for a subclavian steal, although there was no clinical history of subclavian steal syndrome. Non-specific intermittent dizziness was reported by 6 out of 17 patients and was associated with a pathological finding of the vertebral and the basilar arteries (Table 2 ). Five out of eight patients with definite or likely involvement of posterior vessels suffered from dizziness (P<0.05, Fisher's exact test). Other common problems were headaches in nine patients, intermittent visual disturbances in eight patients that seemed to be related to migraine in several cases (Table 2) , and symptoms of a depressive mood disorder in five patients. Fortunately, only two patients had suffered a clinical stroke before the diagnosis was made and therapy initiated. One patient suffered from transient ischaemic attacks in the territory of a high-grade stenosis of the middle cerebral artery. In this patient (patient 3) and in another two asymptomatic patients (patients 13 and 14), MRI of the brain showed small lesions of the white matter that were presumably of vascular origin.
Discussion
TA is rare in Europe and North America. Therefore, many clinicians are not aware of this disease and the diagnosis is often delayed by many years or maybe even missed [10] . Our series of patients confirms that TA is also encountered in a European population [9] . The vascular territories affected by TA differ markedly between Indian and Japanese reports. While in Japan an involvement of the thoracic aorta and its branches has been described, in India the abdominal aorta is more often affected [4] . Although our follow-up did not include a formal investigation of the abdominal aorta, the prior history of our patients suggested an abdominal involvement only in a single male patient with an Indian ethnic background (patient 4). However, in all patients either the subclavian or common carotid arteries were affected. Thus, the distribution of the vasculitis was very much as has been described for Japanese patients. The inflammatory disease primarily involves the media and adventitia of vessel walls and thus results in luminal abnormalities (stenosis, occlusion, aneurysm formation). Often the arteries are affected over long segments and on both sides. MR angiography and sonography provide two non-invasive techniques to investigate the vasculature that may supersede digital subtraction angiography in the future. Notably, the intracranial arteries showed clearly pathological findings in 7 out of 17 patients on Doppler sonography and MR angiography, which could not be explained by haemodynamic constraints of the extracranial vessels. However, there are several limitations of the neurosonological methods in detection of intracranial stenoses in complex vessel situations. Since the 1980s, transcranial Doppler sonography (TCD) has been widely used to assess cerebral artery flow velocities [11] . In the 1990s, transcranial colour-coded duplex sonography, which adds frequency-based colour Doppler imaging to TCD and B-mode imaging, became available [12] . Criteria to assess collateral flow through the circle of Willis and to detect intracranial stenoses have been reported [13, 14] . These criteria were evaluated in patients with isolated intracranial stenoses or intracranial pathology in addition to a single extracranial lesion. However, the complex bilateral vascular involvement in TA allowed only a tentative application of the reported criteria. MR angiography verified intracranial stenoses in some cases but clearly less often than suggested by sonography. All intracranial stenoses reported by MR angiography were detected by sonography, suggesting that the sensitivity of the latter technique is high. However, the specificity of sonographic detection of intracranial stenoses is unclear without conventional angiography. Future studies will clarify this point [15] .
Intracranial stenoses in TA could be due to either vasculitic involvement or a prior embolization into the vessel. Evidence for vasculitic affection of intracranial arteries has been found in rare cases on conventional angiography [16] . At least one case report has described intracranial arteritis in a patient with TA discovered at autopsy [17] . Using transcranial Doppler sonography, Kumral et al. have detected microembolic signals in the middle cerebral arteries of 4 out of 18 patients with TA [18] . Involvement of cardiac valves and proximal arteries may provide a source of embolism in TA [2, 19] .
In contrast to the severe vascular involvement, clinical findings were rather rare. The two strokes in our group of patients occurred before the diagnosis was made and therapy started. Upon immunosuppression, the disease took a stable course in all patients over an average of almost 20 yr. Several patients suffered from transient dizziness, which was associated with impairment of the posterior circulation, and headache. However, it is unclear whether these symptoms are of ischaemic origin.
In summary, our case series suggests that TA presents with similar cerebrovascular signs in Europe and Japan. In a young patient, affection of the aorta or the subclavian or common carotid artery is suggestive of TA, especially if it is associated or preceded by malaise. Despite involvement of multiple arteries, only transient neurological symptoms occurred during a follow-up of almost 20 years, while most patients were still on immunosuppression. The relatively high number of patients with additional intracranial pathological findings in our series suggests that examination of intracranial vessels in patients with TA may be helpful for primary or secondary prevention strategies.
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